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The Area ExudvalemtMet hod (AEM) was. \ariginallly devel oped for the

- Environnmental and-Energy Prograns Division, Ofice of Econonmic Analysis
of the @vil Aeronautics Board (CAB). CAB wanted a quick way to
determi ne airport Noi se Exposure Forecast (NEE) contour area. The firm

I of J. Wat‘'sen ficesh"“ee. created the eowiginzl Mierstioss off AENIf or
conputrer,," progammebbbe cal cul at or and peinii] - anl, pagssr (Reference’ |1)..

Tihe AEM desemiibed, wiidtin this report draws--upon tie teehmigieg -
devel oped. by J.' Watson Noah Inc. with updated, paranmeters te.ealeulafte
Day N ght ateataage Sound Level ,(BNL) contours., .,
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1.0 | NTRODUCTI ON

The Area Equivalent Method is a mathematical procedure that provides the
noi se contour area of a specific airport given the types of aircraft and
the nunber of operations for each aircraft. The noise contour area is a
nmeasure of the size of the land mass enclosed within a level of noise as

produced by a given set of aircraft operations

The noi se contour netric is the Day N ght Average Sound Level (DNL) which
provides a single quantitative rating of a noise |level over a 24-hour
period. This rating involves a 10 decibel penalty to aircraft operations

during nighttime (between 1Qpm and 7af)) to account for the increased

annoyance in the comunity.

The AEM produces contour areas (in square mles) for levels of 65 and 75
Ldme The AEM is used to develop insights as to the noise inpact of an
airport on its surrounding comunities, as well as the potential increase
or decrease of noise resulting froma change in aircraft operations

The AEM is a useful screening tool in airport planning and

devel opnment

The following text will provide a nore detailed explanation of the ARM as
wel | as instructions for use of the AEM on the Apple@! | plus or Ile

using the VISI@AM® sof tware program  Instructions on the ARM cal cul ator

met hod are al so included
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2.0 DESCRI PTI ON

According to FAA Order 1050.1€C, "Policies and Procedures for Considering
Environmental Inpacts," an assessmenit. miisit be made to deternine the noise

i npact of a proposed airport action. This assessment conpares the present
noi se inpact on the environnment with that of the proposed change. [If the
noi se inpact is significant then the FAA requires an Environnental |npact
Statenent (ExS). I[f the increase of noise inpact on the comunity is not
significant then the FAA prepares a Finding of No Significant |npact
(FONS1), which briefly outlines the specifications of the change in airport

operations for that particular airport.

An Environnmental Inpact Statenent is a long and involved process which
requires use of an airport noise conmputer nodel such as the Integrated
Noi se Model (INM).. The INMl is a conplex and detailed procedure which
determnes the DNL noise contour area for a specific mx of aircraft, and
plots the contour lines relative to runway configuration. The INMis a
useful procedure for airport planners, airport operators and |ocal
governments in assessing the noise inpact to the comunity around an
airport. The WM offers the capability to analyze several operational
controls beyond sinply changing aircraft mx. The INMis the nost
appropriate tool for EIS, Airport Noise Control and Land Use Compatabiilliitty
(ANCLIU®), Part 150 and other federally funded airport environnental

st udi es.
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The FAA informally adopted the Noise Screening Methodol ogy, developed by
the Gvil Aeronautics Board (CAB), to decide whether the noise inpact due
to a change is significant. CAB pronulgated this noise screening procedure
in 14 CFR 312 Appendix |I. It is comonly called the "CAB Procedure.” CAB
established a decision criterion of 17% increase in cunulative noise
contour area. If the percentage difference due to the change is less than
17%, no further study is necessary. A 17%increase in cumulative noise
contour area translates into a one decibel increase in the airport noise.
The Area Equival ent Method (AEM) is an outgrowth of the CAB Procedure. The

FAA applies the sane decision criterion to AEM as the CAB does with the

Noi se Screening Methodol ogy.

The AEM is a screening procedure used to sinplify the assessment step in
deternmining the need for an EIS. The purpose of the AEM is to show change
in airport DNL noise contour area relative to a change in aircraft mx and
nunber of operations. The AEM determnes the DNL noi se contour area in
square mles for a mix and nunber of aircraft types. The basis of AEMis
the equation which determnes the DNL noise contour area as a function of
the number of daily operations. The AEM applies parameters derived from
INM output to determine a contour area for each aircraft. The AEM then
devel ops a single equation, representing the specific mx and nunmber of
aircraft to produce the contour area for an airport. The contour area

produced by the AEM approxi mates the contour area produced by the INM for a

particul ar airport case.



3.0 DEVELOPNMENT

The AEM determ nes the Day N ght Average Sound Level (DNL) noi se contour
area (in square mles) for a specific case of aircraft operations, given
the mx of aircraft types and the nunber of |anding-takeoff cycles (LTOg))
per aircraft. In order to create the AEM, aircraft specific paraneters
relating DNL noi se contour area to LTOs were derived from INM out put for 65
and 75 Lgp. These paranmeters, represented by the variables a and b,

are constants which produce the 65 or 75 iy, contour area due to

speci fic nunmber of operations of an aircraft fromthe follow ng equation:

A = ahb

The constant a is the noise contour area in square nmles of a single LTO
for an aircraft. The constant b is a scaling paranmeter which determ nes
the change in contour area relative to a change in the nunber of effective
LTOs for an aircraft. The noise contour area, A is the result of applying
the paraneters a and b to N, the number of effective LTOs. The nunber of
effective LTOs is the sumof the daytime LTOs and the nighttime LT0s of an
aircraft. The nighttime LTOs are weighted by a nultiple of 10 due to the
added amount of annoyance to the commnity during the nighttinme hours

bet ween 10pt and 7am.

The Integrated Noi se Model (iNM) Version 3.8 was used to produce aircraft
noi se contour areas for specific nunbers of LT0s. INM was run for each of
the 66 aircraft in the tNM Version 3.8 data base. The paraneters a and b

are determned from the linear regression equation:

logA = Loga + b*shogh
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Figure 3-1 illustrates the linear regression lines (solid lines) derived
fromthis Legariithmic equation for each DNL. The INM $rostigedd t he cont our
areas as shown by the symbols @,, A,X, Vand . 'The graph i s based on
a log - log relationship between the contour area in square niles and the
nunber of LTOs of an aircraft at different values of DNL. The AEM,
however, uses only the 65 and 75 Lgy equations. Below each regression

line on the graph is the equation of that line and a value for t. The

equation is the linear transformation of the Legarithfiic equation with the

parameters a and b and N:
A = aNb

The correlation coefficient, &, indicates how well the regression line
represents the relationship of contour area to a, b and N. An r value of
1.0000 i ndi cates a perfect correlation between the equation and the

cal cul ated contour areas for that DNL. The parameters and correlation

coefficients for all 66 aircraft in the INM Data Base #8 are given in Table

The equation at the top of Figure 3-1 is the nultiple regression equation

for the aircraft. The dashed lines illustrate this nulti-variate
relationship. The equation involves a third paraneter, e, which is a

sealingpar aneter for a change in Lgg relative to a change in contour

area:
,A = aNb . Lgdp€

The nultiple regression coefficient ¥, shown below the nultiple regression

equation, represents the correlation of the nultilinear equation to the

contour areas.
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TABLE 3-1

AEM PARAMETERS AND CORRELATI ON COEFFI Cl ENTS FOR tNM Al RCRAFT
(part 1 0f 2)

Aircraft 65 Ldn 75 Ldn
Type a b P a b P
747100 222594 (70858  .9999 088717 6568 9982
47208 094848 7HIE2 9993 056022 HAN1 9811
747100 (085753 ., 70eE® @ 9994 039767 &A1 29922
747SP 1072382 |MO7HR 19987 Q31278  IS/EEB 49889
DCB20 354877 861749 9995 Q94781  @67A03 29994
707 43092 363363 9997 BI6I2 6692 89999
20 330018 65145 9997 062408 68438 9997
707320 46828 863778 9996 8086793 .67387 9993
707120 339068 G3deR 9994 1075951 066588 19978
7208 @33421 184428 994 8057873 68983  .9993
DCESD 145335 2 o616 9994 085881 66095 29988
DCBG0 50433 163893 9997 $93926 67210 9992
OCBCRY 095168  Sersz (9995 05898 42538 9901
707CFH 1090267 256054 9976 73816 236805 89844
07N a7e Gz 9998 070882 .6EE58B 29988
DCBEM 146346 050835 9991 sH74581 (68043 89983
CONCRD 6.747 57708 9809 24387 2185 398
DCI0ID 05583  a74588 ;2981 (057591 144377 969
DCOR0 9072532 2 7207 9992 055537 L8144 99765
DCIGAT 0069732 72170 9991 0055983 47362 29736
Lo Ai41683 74073, 9984 Q5598 45116 19729
LIOIES (070318 a7321¢ 29987 AI8ES  AEEN 89727
727200 37M5 66575 19994 83094 70508 (9984
2711 388 866503 999 050802 am719 29968
27015 (@2482 SRIPS 9908 0824 866068 9902
12789 9858 64771 19993 L6385 570725 99985
72707 25431 67698 9987 041575 812221 19987
721015 6349 B 99 08899 (69357 9974
12017 77352 58384 19992 al3183 (65354 29965
A0 05E243 70843 9973 085947  ,4000f 8676
767 0455€2 7X09 0 9994 A29423 59 (9843
A3ID 049037 O7F7 9975 8033022 4813 (9897
BAC111 415806 16387 09998 D45305 G006 .99
F28 14420 67717 80979 D61902 B2  I%9
DC930 255 84 9992 1047022 167878 89992
DC910 .[Gi758 6845 09994 028217 0457 19974
737 (20892 267236 19977 32167 (72995 9991
DC9qs 819709 A&7 9971 34592 70398 997
DC9Q7 (12141 @924 089992 N23937  ooANLs 5941
737N A7MHB  A88081 9973 02582 .MM 9974
DC950 54058 58632 9992 g084588  a6713 9977
737017 47652  G506M8 399 oiEBe4y  JTER  99EB
OC98D 292 (7005 49989 029371 15347 935
75788 035748  §78426 999 28126 ST 7
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TABLE 3-1

Al PARAMETERS AND CORRELATI ON COEFFI CI ENTS FOR INMI Al RCRAFT
(part 2 of 2)

Aircraft 65 Ldn 75 Ldn
Type 8 b r a b P
75700 035748 1784 9998 OB 51577 .97
COMJET .28504 061027  ,9993 JFB7I5  H4208 9995
BALTF a0ddiG7 G211 9993 A30673 4399 (9814
GALTY 38843 OS04W 9996 081997 69055 (999
MTF 052109 (831 .99M 37255 (43600 9889
GALQTF .022013 52699  .9789 oISA  B752 9882
1188 OSSP (78133 9863 029 87025 9639
Lige 0333 79478 19983 D24 51704 9815
DHC? .04mOMi 68707 19794 M7NZ2 47978 19947
0d580 020242 632 9712 J5308 33308 9%
HTETP .OZ254 69683  :99% M705 39219 19764
NEETP  oER38%4  BI3MW 09644 1620488 IFR1 & .98m!
DHCE .0¥EAN o805  .9798 oy S15m7 9T™
4P O5EOES 8158 9993 33688 58784 9878
TEP (42943 a75885 9949 L3077 49549 BR98
CONTHP  ODI6711 49302 2 .9749 004013 54477 9773
COMGEP Q0% 54076 2 9782 O34 (5433 19829
KC135 27808 (630015 998 45159 69334  .9995
CIZp 0333 (79478 9983 20474 51704  BB15
F4 10300 .G8118  .9999 23697 65296 994
ATD (47499  Bden (9998 J1567 183347 L9998
CLG00 aD49046 (5045 9848 B39ZEB 33787 P98






4.0 VI SI CALC METHCD

The AEM doesn't require any progranming experience. |t does require
VISI@@AIR and an Apple@ || plus with 64K random access nemory (RAM or
Appl e tite personal conputer. VISICALC is a widely available electronic
wor ksheet whi ch conbines the comwemtenee of a cal culator with the nenory
and screen control of a personal computer. In VISICALC parlance, AEM is a
tenplate call ed DNLAEM (Fi gure 4-1) which is stored on a 5-1/4 inch

di skette. Appendix A provides instructions on how to obtain a copy of
DNLAEM. \Wen retrieved fromthe diskette the DNLAEM tenpl ate becomes a
worksheet to which you add aircraft identities and the associated |andings

and takeoffs (LT0%) in the appropriate colums (see Figure 4-2).

DNLAEM contains all the equations necessary to calculate an airport contour
area fromthe list of aircraft types and LTOs. DNLAEM includes the a and b
paraneters for each of the 66 aircraft shown in Table 3-1. The follow ng
instructions should lead you to produce output reports simlar to those
exanples in Figures 4-3 and 4-4. The keystrokes are given in boldface

type. RETURNiI ndicates the key | abel ed RETURN

4.1 | NSTRUCTI ONS

[ nstruction Comment

STEP 1. Insert VISICALC diskette into You nust load VI SICALC hefore
di sk drive #1 and cl ose the each session.
door.

STEP 2. Turn on both the conputer and Turning on the conputer "boots"
the monitor. Wit for the the VI SICALC diskette.
standard VI SICALC tenplate to
appear .

STEP 3. Remove the VISICALC diskette The VISICALC diskette is no
and insert the AEM diskette | onger needed for the duration
into disk drive #I., of this session.

4-1



[ nstruction

STEP 4.

STEP 5.
|
STEP 6.

STEP 7.

STEP 8.

STEP 9.
STEP 10.

STEP 11.

STEP 12.

STEP 13.

STEP 14.

STEP 15.

Type /SL..

Ht the right arrow — until
~ 'DNLAEM' appears on the edit
i ne.

Hi t RETURN ,

Vaiite for the cursor to appear
in coordinate ib. If you are
not in' H5 type >HSand
RETURN.

Ht . (quote mark), enter
title (up te'9 characters)
and hit RETURM,

Ht —

w—ly .

Enter 1 or 2 and RETURN .

Type >H1 1 and RETURN .

For each aircraft type enter
corresponding 1D and hit -

Type ># 1 and RETURN .

For each aircraft type enter
t he correspondi ng LTO during
daytinme and hit = .

Type 2J11 and RETURN ,

4-2

Comment

/ shifts you into the comuand
mode. 8. selects, STORAGE.
Lindicates the desire to |oad
a tenpl ate.

The right arrow "poles" through
the diskette to find the AEM
tenpl ate.

The AEM tenplate is being
| oaded.

> invokes the G9T0 conmand and
H5 indicates the destination
coordi nat e.

The .« causes VISICALC to treat
the entry as a | abel.

The cursor noves to Hb.

You are choosing between
calculating 65 tdg ( 1 ) or
75 L4y ( 2 ) contour area.

The cursor moves to the first
coordi nate under the colum
| abeled "Aircraft ID .

The cursor noves down the
colum as you enter each
aircraft. Up to 20 all owed.

The cursor moves to the first
coordi nate under the col um
| abel ed ' DAY'.

Daytime includes the hours 7afu
to 10pm. The cursor noves down
the colum after each entry.

The cursor moves to the first
coordi nate under the col um
| abel ed ' NI GHT".



[ nstruction

STEP 16..

STEP 17..

STEP 18. Type

STEP 19.

STEP 20.

STEP 21.
STEP 22.
STEP 23.

STEP 24.

STEP 25.
STEP 26..

STEP 27.

STEP 28.

STEP 29.

STEP 30.
STEP 31.

For each aircraft type enter
t he LTOs whi ch occur at night
and hit =—» .

Type ! (excl amation point).

XB¥ and RETURNL.

| f coordinate P34 contains
'NA' then type >H5 and
RETURNI. Go back to STEP 7
and check your entries. |

| f coordi nate R32 contains
"TRUE' then skip to STEP 29.

Wite down value in R31.
Type >Ni32and RETURMN .,

Enter a new reference
contour area.

HitRETURN then ! .
Type >R365and RETURN .
If R32 contains ' FALSE' then
repeat steps 21 through 25
until R32 contains ' TRUE .
Type 2Ni82and RETURN .

Type +NB 1and RETURN .,

Wite down contour area.

Type >Hland RETURN .
Make sure printer is turned on
and ready. On Apple Lie, make
sure CAPS LOCK key is down.

Comrent

Ni ght includes the, hours 10pm
to 7am. The cursor noves down
the colum after each entry.

The cursor disappears and the
conputations have begun.
Return of cursor signals end
of calculations.

Sonething is wong with your
i nput .

Your results are correct. You
may now print them out.

Validity test is FALSE
N32 contains reference area.

|f wvallue in R31 is greater than
1.02 then enter a nunber |ess
than shown. Ctherwise, enter a
nunber greater than shown.

Recal cul ation starts. Await
return of cursor.

The coordinate N32 i s now
returned to its original value.

If you don't have a printer,
you are done.



[ nstruction Cotinemit

STEP 32. Type /PPANEQ and / shifts to coomand node. Piis
RETURMN . PRINT command. pindicates
printer. " invokes SETUP. A EQ
s a spe:iiall command to
conpress print type. This |ast
conmand works with only certain
kinds of printers.

STEP 33. Type =WR3% and RETWAM. The conpl eted worksheet is
being printed. The output is
single spaced with Hl upper
| eft corner and R35 | ower right
cor ner.

The real utility of VISICALC conmes from tthe fact that the worksheet is

still available for you to change any of your entries and rerun. For

exanple, let's say that you have just produced the 65 Lgq contour area

and you want to calculate the area within 75 Ldp. Sinply go to

coordinate H6 and enter a 2 and RETURN. Skip to STEP 17 and proceed. You

can do the same thing with aircraft types or LTOs.

4-4



DNLYEEM

Dar Night Average Sound Level

Area Equivalen

t Hethod

(((Title (Hit* to start)
{((Level (=85 or B Ldn)

NA Ldn
Aircraft LT0 Cycles Constants  Aircraft To Verify Area

ID Day Night Ueightedd a b Area Energy Ugtings LT0s Eff LT0s

| L Y I 0 ] 4] 0 0 0 0 0
| S I Y I B 0 ) M 0 0 0 0 0
I = B B I B 0 3] ] 0 0 0 0 0
I = B Y B B 0 W W 0 0 0 0 0
I = B B I B 0 W ) 0 0 0 0 0
I = B Y B B 0 (] ] 0 0 0 0 0
I =L D I B B 0 2] ] 0 0 0 0 0
I - -l 0 N M 0 0 0 0 0
I = I I B B 0 ) ) 0 0 0 0 0
==t HILl=1 1 - 0 Na W 0 0 0 0 0
- 01 - - -1 1 -l 0 ] M 0 0 0 0 0
I -1 - -l 0 M L) 0 0 0 0 0
| =Rl =1 | -l 0 M L] 0 0 0 0 ‘a
I =1 I B N 0 W W 0 0 0 0 0
=Rl =1 | - 0 ] ] 0 0 0 0 0
I -1 - -l 0 2] W 0 0 0 0 0
I = R B B B 0 ) ] 0 0 0 0 0
I =1 I Y N B 0 2] W 0 0 0 0 0
I =1 I Y B Y 0 N L] 0 0 0 0 0
I - - -l 0 M ] 0 0 0 0 0
0 0 0 0

Totals: 0 0 0 O(Reff Area  Val idi ty Test:  FALSE

Contour Area = M sg. mi.
FI GURE 4-1.. DNLAEM, THE AEM VI S| CALC TEMPLATE
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DINLAEM
Dar Night Average Sound Level
Area Equivalent Method

e CX{Tii til@ (Hiit "to start)
zzz—=mA-=<<dleavel ¢Cl=65 o0 r 2=75 LUN)

Aircraft LTO Cycles Aircraft Aircraft Aircraft Aircraft

1D. )-5d Night " Type 10 Tripes ID

[ | lome & =ll-n&o-z I 747100 ! F28 34

[ Lol |l z====== === 11 747200 2 DC230 a9

[PV § ) S—— LEd—.__ ) o1l 747108 3 DC210 B4

[ | | o==s= S | CURISE b 747SP 4 37 az

| 2mmremee AN, === 11 =c==== LI . DOB20 -5 DCPQP 3@
(PSSR | | G 1 | & GUN— ) 707 & DC9Q7 #
AN, § f N | [ J——— 720 7 7370N 40
[ 10Fz =l Moo=zl ] 707320 8 DCDS0 41

l-meme-- [ -ll--,--~-1 707120 9  737D17 42

[ I . | | ==zmcz=l] 72008 10 DCYSO 43

(W )} | QR | & Sy =1 : DCBSO 11 75ARE 44

S | ) P I1--,----1 4 DCBGO 12 7573T 45

[ [ [ EE—c-=--0  DCECFM 13  COMJIET 46

J——— ANzl = Ao == =01 “707CFM 14 GALTF 47

el (N I vy Pgny || | SRS | S {12t 15 GHLLTTY 4B

| zzzza SR P& SHPSPIP T | o ST ) { DCSQN 14 GANITF 49
| zzrpme=l o= =J1  CONCRD 17  GALQTF 50
PUSEEISEY § JSS—_— g g 11 aioio 18 L188 51

| ==y Ml =2 Ao =1 DCIO30 17 LIQm 52

lammmem- I 1,--L---11--,-&--1 DCIl040 20 DHC? 52

L1l 21. CV580 54

Total s: 0 0 LIOL1S 22 HTETP 55

| \ 727200 23 MTETP 56

727100 24 DHCS& 57

727D15 25 4EP 58

72709 26 TEP 59

72787 27  CONTEP 80

7275 28  COMSEP 61

727D17 29 KC135 62

A300 30 Cl 30 63

767 31 F4 64

A310 32 A7D 65

BT UL 33 CL600 66

FIGURE 4-2. DNLAEM FILLIN FORVAT
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DIILAEM
Dar Night Average Sound Level
Area Equivalent Method

LONG BCHH(<Titlke (Hit * to start)
16{(Kleaval} (1%85 0 r 2975 Ldn)

Aircraft LT¢ Cycles

ID Dar Night  Wédighted

2% ) I |

43 191411 §

2 01— N1
| SMA=10 11— N
= | | -
| =M Bl— 1]
= Al-3 Xl ="11
= | | - - -l
=1 A= Al— B]
=2 1 | -

=1 XI- | [ -1
I - ==
=1 X1- | [ -1
I -l -l
=1 X1- | [ -1
=2 Xi- | [ -1
= XI- | [ -1
| =L — |l ==1]
=1 X1- | [ -1
I -l- [ -1
Totals: 27 0

3
14
10

(=}

P I e W e Y e e I s I e I e B e I - - - N - R e 0 —)

~ny
~J4

65 Ldn

Constants ‘Aircraft To Ver i fy Area
b Area Energy ugtings LTOs EFf LTOs

a

SOEE 4770 ABU9512 ATEBA02 JEETEUED 907623 0ES121
di57292 (7005 .JEIE7E7 .OMGBRR3 S2720M0H 12255488 o143
28504 81077 1.ROND | 1T 1799908 &5555538
] M. O 0 0 0 0

M ] 0 0 0 0 0

M NA 0 0 0 0 0
MW ] 0 0 0 0 0

(] W 0 0 0 0 0

M NA 0 0 0 0 0

M M 0 0 0 0 0

M NA 0 0 0 0 0

] NA 0 0 0 0 0
MW NA 0 0 0 0 0

M N 0 0 0 0 0

M NA 0 0 0 0 0

W N 0 0 0 0 0

M . 0 0 ‘e 0 0

M M 0 0 0 0 0

M M 0 0 0 0 0

M M 0 0 0 0 0
LGS | 765674 275054 100035

11649 Ref Area  Val idii ty Test: TRUE

Contour Brea = 1C6832MB sq. mii,

FI GURE 4--3. EXAMPLE OF AN AEM §5 LDN OUTPUT FROM VI SI CALC
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ONLAB
Dar Night Average Sound Level
Area Equivalent Methed

LONG BOME(Tithe (Hit * to start)
R¢{Qlevell (D85 0 r 275 Ldn)

75 Ldn
Aircraft ~ LT@Cycles Constants  Biircrafft 10 Verify Area’
ID ) %’ Day Nicg?it“mlglnt«d ' b Area Energy Uding’ LT0s Eff LTOs
( d ) 3 08N 725 SARTR 4110087 561133 11ANMB 2518323
K 4§ I f 14 AMT ST AN JHEVZ5 oAMTSE2 1087 YACIRS
igg i 10 068735 e48 .257KDdG | LOESPARY 16AMGEE 5080
[ §}) © —1||—11 © 0 MM 0 0 L. 0 0
=M | 1 - D M M ‘0 0 8 1 0
- 11 - --11-1 0 M M0 O. 90 0 0
& - |1 - - - -] 0 M M 0 0 0 0 0
| B § S § SRS | D, W "‘l M0 0 0 ‘@ ‘Q
R S | A 0 M MY, 0 0 0 0 0
1 N i IOl I | P | 0 M MO0 O 0 0 “O
19123 Ol— 11 D M . M o0 0 0 0 0
[ | 7S | 0. M ™= W? 0 0 0 0 0
o MIE e | - D M _rim 0 0 D: .0 0
- - ! M1 0 0 D 8 &
manzam—-al - 0 M. M 0 0 0 ‘0 0
I & - Hli- -1 0 WMo N 0 0 0 8 0
-1 & -1 1 - - - 0 M Y WM 0 D, D 9 == 0
a1 d_H-"11] D M M0 0 0 0 0
| B § I § S 0 M My 0 0 ;O D> 0
I - & I | =% B N M+ D 0 0 0 0
L ‘ i RET6068 1.,649999 2586617 L0002
fotals: 27 0 3;1 2576088(Reff Area Val idi ty Test: * TRUE

Contour Area = 0.35 sq, i,

“C

FIGURE 4-4, EXAMPLE OF AEM 75 LDN OUTPUT FROM VISICALC
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5.0 CALCULATOR METHOD

In the event that an Apple Il conputer and VISICALC software are not

avai | abl e, your cal culator and the worksheet in Figure 5-ii make good

substitutes. Wth the following instructions, you performthe sane tasks

as acconpl i shed by the AEM on VI SI CALC.

5.1 | NSTRUCTI ONS

STEP 1.
STEP 2.

STEP 3.

STEP 4.

STEP 5.

STEP é.

STEP 7.

STEP 8.
STEP 9.

STEP 10.
STEP 11.

Enter aircraft types in colum 1.

Enter the daytime and nighttinme LTOs for each aircraft type
in colums 2 and 3.

Conpute the effective LT0s of each aircraft in colum 4 by
mul tiplying the nighttine LT0s fromcolum 3 by 10 and
adding the daytine LTOs from col um 2.

Enter in colums 5 and 6 the appropriate aircraft a and b
paraneters from Tabl e 3-1.

Conpute the area of each aircraft by applying the equation in the
devel opment section A=aNP, where a is in colum 5, b is in
colum 6, and N is the nunber of effective LTO8 in colum 4.
Enter the area A for each aircraft in colum 7.

Select the largest area in colum 7 and refer to this as the
"reference area,” AR

Calculate the energy contribution E for each aircraft. This is
done by dividing the area of each aircraft by the reference area
and raise the quotient to the power of the reciprocal of the b
parameter (I/b). Enter the result in colum 8.

Sum colum 8 and enter the result in the box |abeled E.
Calculate the weighting factor Wfor each aircraft with the
equation WE/m. Divide the energy contribution E of each
aircraft by the b parameter and enter the quotient in colum 9.
Sum colum 9 and enter the result in the box |abeled W.

Calculate the scaling paraneter B for the aircraft mx by
dividing E by W. Enter the quotient in the box |abeled &.

541



STEP 12.

STEP 13.

STEP 14.

STEP 15.

STEP 16.

STEP 17.

STEP 18.

STEP 9.

Calculate the contour area of the aircraft mx by applying the
energy contribution E, the scaling parameter Bl and the reference
area AR to the equation ZeAgE®). The result Ais the DML

noi se contour area of the specific aircraft mx

Determne the nunber of LTOs that each aircraft nmust fly in order
to have a noise contour area equal to that of the entire mx
Di vi de the IDNL noi se contour area of the entire mx X by the
parameter a in colum 5 and raise the quotient to the power of

the reciprocal of the b paraneter. Enter the result ® in colum
10.

Calculate the ratio of. LTOs of each aircraft by dividing the

effective LTOs in colum 4 by ¥ in colum 10. Enter the result
in colum 11.

Sum colum 11 and enter the result in the box |abeled 'Validity
Check' .

If the validity value is between 1,00 and 1.02 then the result is
correct. You are done

If the validity value is not between 1.00 and 1.02, return to
STEP 1 and check all your figures.

If the validity check produces the same value, change the
reference area according to the follow ng:
,-1f the validity value is greater than 1.02, enter a
reference area |ess than already present.
-1f the validity value is less than 1.00, enter a reference
area greater than already present

Repeat the steps starting at STEP 7.



Day Ni ght Average Sound Level
Area Equival ent Method

Cal cul ator Met hod

7 8 9. 10 11

Aircraft Daytine Nighttimg Effective Constant s Aircraft Energy Weighting Verification
ERe LTOs LTOs LTOs a b Area 1 Factor | # (gflLTOs Eff, LTOs
b ap R ERY —N__
A=al (Kﬁ) WeE/D NG b EIf. LT0s

- - - - -
Ref erence Ener gy Ver ght1 ng Valrdity Check
AR E W
s Al Cont our Area:
FI GURE 5-1.. AEM CALCULATOR MEZTHOD WORKSHEET
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APPENDI X A
AVAI LABI LI TY OF AEM ON VI SI CALC

The AEM is available on a single sided, single density 5-ll/4 inch

di skette. The information on the diskette is conpatible with the 16
sector version of VISIQMM® for Apple@ || plus with 64K RAM and Appl e
ke personal computers. The cost to you is $10 for materials and
services. To order AEM on VISICALC, fill out request form (p. A-2) and

send with check or noney order payable to the "United States Treasury"

to:

Federal Aviation Administration
AEE-120

800 | ndependence Ave., S.W.
Washi ngton, DC 20591
Attention: Thonms L. Connomr

Appendi x B contains a listing of the AEMl tenplate for VISICALC

Al






AEM ON VI SI CALC REQUEST

| request a 5-0/4 inch diskette of the AEM.

NAME: P = - — = e e e - e oo — - = =

TLTLE : B I R |

COVPANY: ==l == Lz

STREET ADDRESS: _ - - W - m - -
CTY, STATE zIP: _ _ . =—a- -1 - -
TELEPHONE NO.:

A-2
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APPENDI X B
AEM TEMPLATE LI STI NG

Thi s appendi x contains the keystrokes to create the DNLAEM tenplate on
VISICALC. Please refer to the VISICALC user manual for an explanation of
the conmands. Entry at a particular coordinate (or cell) is shown as the
coordinate identification followed by a colon and then the appropriate
keystrokes. Keystrokes which are shown without a coordinate identification
always refer to the previously specified coordinate, usually on the line
above. Table B-1 contains the locations (row and colum) of the specific
aircraft a and b paraneters on the AEM tenplate. Table B-2 provides the

| ocations of the aircraft names and identifications

I X XA

/ GC9
/ @BW
/i
AB . b
Al:  +HIL
IR
A12.A3p
R
BIO: "a
BilL: @IF(AB<>2, QORI (M1 | B¥47 BB1 2} ) GROOKKIBPAIAL IFAR TRIR12))) )
/R
B12.B30
NRNNRNN
cio: "b
citle:: ;@[F(AB(»Z,@MMFI{MWD)M)D@@GQEIB(PAIAI,WHHIZI)Q))
R
C12.C30
NRNNRNN

H2 : "Day N ght
H3 : " Area E
oW (9 underline strokes)

/FL" 1D
It I (7 underline strokes between two exclanmation points)
/R =-
H12.H3@
/ R.H30
rhi.Jin
H3Z: [FR"Toitadls:

H5

H : W

HO . JFLPANroidmit
HiO:

Hily

B-1



AEM| TEMPLATE LI STING (continued)

[l : /FG" DNLAEM
12 : /FG" Average
I3 : ‘“quivallent
I5: [FG'<<<Tittlle
6 I FC" <<<llewall
19 L
110) / FL" Day
132: @SUM(ITILIL.IT3E)
/R "I

532.K32

R R
52 : |FG'Sound Lev
s /FG" Met hod ¢
55: "(Ht "to
J6: [FG'(1=65 or
J9: "TO Cycles
Jio: /FL" Night
K2 : /FL"ell
K5 : /FG" *startt))
K6 : /FG'2=75 Ldn)
Kno: "Wighted
KL:  +HIRHTIT*0E)

L9: [JFR" Cons
Lho: /FL"
L @F( @[SNA((E!M)), @ B11)

L12 L39

RR
M7 . GENQGSEEHB6665753)
MO /FL"tants
Mi10: /FL" b

ML ;@[F(@ISNA(((CIIH)),,@M,@II)) |
R
M12..M3®

RR
/AT | FE" £in
N9 :  /FL"Airerafftt
N1O: /FL" Area
NiLlL:: ;@F(@ISN‘A((IIM)),M,HHH M1l MLUL))

R
NIZ2N3Y 3D
RRRR
N31L: El@bdl( N1IN3OGH))
N32: , Cont
N34:: Ao
010: E§ $HEEZY
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AEM TEMPLATE LI STI NG

011: ;@IF(M(WM,@WMU)hNNNMW)Z) (L/ML1D)
R

032: [FR <Reff Area

034: [FL"r Area =

P10: /FL"Wgkings

Pllk: @IF(@rsNA(MID) MOd11AMLY)
/IR

P12.P39
RRR
031: @EVHC0103BY)
P3L: @SUM(PILL.P3H)
p32: [FR"Valid
P34: | FS@LF(P31=0,@W #(@Ll (031/P31))*N31)
®: [FR'TO Veri
Quo: /FL' LT0s

Qi ;@F( COR(@ISNA (1), @ ESMAKE) ) ) @ RP3GUEAL)  (L/MLLD)
R

412.430
RRNRR

Q32: [/FL"ity Test:

034: /EB" sq. fil.

R9 : [FL"fy Area

R10: [FL"Eff LTOs

Rilt: @F(Qi1=@),0 ,#K¥1V/ Q1))
/R

R12.R30
RRR

R31: OKUR(RIIRRG))
R32: @AND(R31><L,RGIK=1 42))
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o

45 !
46 |

Y]

48 |
49 |
5 |
51 |

52

53 |
54 |
55 |
56 |
57 1
58 |

59

60 !

61
62
63
64
85
66
67
68
69
]
)
72
73
74
75
78
77
78
79
80
81

g2 |

83
84
85
b6
87
b8
89
%0

by Koo (gt

A B C D
44 | AIRCRAFT AIRCRAFT 85 LDN AIRCRAFT
TYPE 1D A D
747100 | 12 |
747200 2 1094848 2
747100 3 2085753 3
7475P 4 723 4
DC820 5 54677 5
707 6 843092 6
720 73008 7
7320 § 4B 8
707120 0 3908 9
7208 10 23342 10
' pCes0: <11 45aE (M«
DCB60 2 5433 7)
DCACAN 13 %5168 13
7076 14 090267 14
707N 15 39478 15
DCERN 16 6% 16
| CONDRD 17 6.7H0 17
DC1010 18 1055833 18
| DCIBED 19 072532 19
OC1B4D 0 06T 2
Lt 2 Ol 21
LIONIES 2 A70318 2
721200 23 35 7
727100 M I 2%
7215 %5 262462 25
72769 2% 139856 2
72007 27 AN 27
727815 28 G349 28
721017 % TTER 2
A0 0 053 20
767 31 5562 3
A310 32 049037 32
kARl 33 215808 33
F28 u e u
DC930 B %
0C910 % 3%
737 7 20892 3
DCS09 R ) 38
0C907 91240 39
737N 40 117448 40
DCOSD M (54058 a1
73017 a2 147852 a2
DC980 43 05T 43
757R8 44 g035748 44

|
|
|
|
|
|
|
|

.-
wr

k3

LOCATI ONS OF A AND B PARAMETERS ON AEM TEMPLATE

b of .2)
COLUMN
E F
€5 LDN AIRCRAFT
B ID
HGER: L) §
1062 2
J0a%E 3
07 4
ab1749 o
263363 8
855 7
[ 153778, &l @
3 9
264478 10
1) S |
83393 12
258752 13
B1722 18
(B 18
SR 17
74586 18
J7 i 1%
sfA71 20
74073 21
aa321@ 22
266575 231
|6aTIE: 2.
55075 25
24711 26
167698 27
BV 28
58384 29
U843 K|
JH9 3
170737 32
6387 33
87717 k]
ST 35
BA45 36
187236 37
L5771 38
269248 39
23081 40
158632 4
SEAG 42
0% 43
170426 44

B4 .;

- B

52171
T I
I57853
&7403

802
GRS
162387,
166588
168983
66088
67211
242531
36805
266658
48083
92185

A000%

4913
;60081
S1202
67878
JOA57
172995
JOTB
L9713

T4

6713

154
133347
X577

g Bl
750N AIRIRRFT 75 LDN
A’ DL
4
.@5@)171 o
s56022 2
039767 3
J31276 4
N .
R ;v 4
062408 > 7
| 0
075951 B
aD57873 10
gt ;o
.093?28 12
QT | 1!'.&13
14
TR i B
;074584 18
24387 v 17
Jmee: ¢ 18
055532, 1, .1 19
$055983 2
aﬂﬁ??ﬂ HA A |
885 9 22
0)63094 V123
LO50ER2 i ¢ 24
81524 25
,063155 26
1041575 27
#8838 28
J35%3 29
065947 30
4029423 3
A33022 32
045305 33
161902 H
047022 35
028217 36
032167 7
034592 38
$23937 29
02582 40
084585 41
(OSEAY 2
029371 41
328128 44



R
0
u

a1
92 |
93 |
9% |
95 |
98 |
97 |
% !
99 !
100t
101
102 |
103 |
104 |
105 !
106 !
107 |
168 !
109 |
110 |
111 |
112 |

TABLE B-l

LOCATIONS OF A AND B PARAMETERS ON AEM TEMPLATE

(part 2 of 2)

57A
COWEH
BALTF
BALTJ
6ANTF
GALNTF
LiB8
Lo
DHOV
CVsED
HTETP
WEETP
DHCE
4Ep
TeP
COoMTEP
CONSEP
KC135
C
F4

A7D
Clemn

04417
138843
052119
022013
1B
5033394
i
020242
026254
023894
e
QSIS
42943
01671
QOSEIT
2,793
033394
10301
47499
049043

65
68

51
52
53
54
]
58
57
58
59
60
81
62
63
64
65
66

02954
A26474
$073122
25308
A5
J7Nes
0042779
033338
034507
QM“
00234
A5159
26474
23697
11587
A39288



TABEE B-2

LOCATIONS UFAMIRRRET NAMES AND IDENTIDESS ON'AMEM TEMPLATE

§ 1 u v

N

9! Aircr;ft Air_craft Aircraft Aircra?t
10! Type 5. Tye ID
i F28

4710 M
121 747280 7 093 e
131 747100 3 DC9IE %
141 7475 4 737 37 |
15 4 0Cez 5 DCYGs % _
18 [ 707 "6  DC9a? ) f
7720 7 73N 40 -
19! 707320 §  DCYSB 4 |
} 9 wB? 42 Law
i B Y. 7208 10 OCogD a3 R
24 | DCBse i1’ 7578 a“
2% DEeo 12 5T ¥
. 23" DCBCPM 13 COMIET “ b
24| 7OCEN 14 BALTF V) Lo
RO25 1 i 70MM is GALTY 8.
i 0 26 %  DCHM 16 GV 9 T

W 271 CONDRD 17 GALQTF 50 !
28| DCiow 18 LS8 S

b | 29! ool 0 18 w82,
i %! DI040 20 DHCY 53

M uen

2! LS 22 HIETP 55

31 727200 23 MW 56

M 72730 24 DHCG 57

B! 72005 B 4P 58

%! 72789 % TP 59

7! 1w 27 COMTEP 80

8! 727815 28 COMSEP &1

3! 7217 2 KOs 82

0 AN0 X Cm €3

g
¥

4 | 767 k)| F4 64
42 | A310 32 ATD 85
43 | BACIM 33 CLedd 66
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